A scheme for the generation of the cluster states based on the Josephson charge qubit is proposed. The twoqubit generating case is first introduced, and then generalized to multi-qubit case. The scheme is simple and easily manipulated, because any two charge qubits can be selectively and effectively coupled by a common inductance. More manipulations can be realized before decoherence sets in. All the devices in the scheme are well within the current technology.
ments. A number of applications using cluster states in quantum computation have been proposed [12] . Thus the preparation of the cluster states has become the focus of research. Recently, Zou et al. proposed probabilistic schemes for generating the cluster states of four distant trapped atoms in leaky cavities [13] and linear optics systems [14] . Barrett and Kok proposed a protocol for the generation of the cluster states using spatially separated matter qubits and single-photon interference effects [15] . Yang et al. proposed an efficient scheme for the generation of the cluster states with trapped ions [16] . We also proposed two schemes for the generation of the cluster states via both cavity QED techniques and atomic ensembles [17] .
As a solid-state qubit, Josephson charge qubit is one of the promising candidate for quantum computing. Accordingly, generation of the cluster states by Josephson charge qubit is of great importance. Josephson charge [18, 19, 20] and phase [21, 22] qubits, based on the macroscopic quantum effects in low-capacitance Josephson junction circuits [23, 24] , have recently been used in quantum information processing because of large-scale integration and relatively high quantum coherence. Some striking experimental observations [25, 26] demonstrate that the Josephson charge and phase qubits are promising candidates of solid-state qubits in quantum information processing. In particular, recent experimental realizations of a single charge qubit demonstrate that it is hopeful to construct quantum computers by means of Josephson charge qubits [27] . In this paper, we propose a scheme for the generation of the cluster states using Josephson charge qubit. This scheme is simple and easily manipulated, because any two charge qubits can be selectively and effectively coupled by a common inductance. More manipulations can be realized before decoherence sets in. All of the devices in the scheme are well within the current technology. It is the efficient scheme for the generation of the cluster states based on the Josephson charge qubit.
Since the earliest Josephson charge qubit scheme [18] was proposed, a series of improved schemes [19, 28] have been explored. Here, we concern the architecture of Josephson charge qubit in Ref. [28] , which is the first efficient scalable quantum computing (QC) architecture. The Josephson charge qubits structure is shown in Fig.( For any given cooper-pair box, say i, when Φ Xk = 1 2 Φ 0 and V Xk = (2n k + 1)e/c k for all boxes except k = i, the inductance L connects only the ith cooper-pair box to form a superconducting loop, as shown in Fig. 2(a) . In the spin- 1 2 representation, based on charge states |0 = |n i and |1 = |n i+1 , the reduced Hamiltonian of the system becomes [28] 
where ε i (V Xi ) is controlled by the gate voltage V Xi , while the intrabit coupling E Ji (Φ Xi , Φ e , L) depends on inductanceL, the applied external flux Φ e through the common inductance and the local flux Φ Xi through the two SQUID loops of the ith cooper-pair box. By controlling Φ Xk and V Xk , the operations of Pauli matrice σ To manipulate many-qubit, say i and j, we configure Φ Xk = 1 2 Φ 0 and V Xk = (2n k + 1)e/c k for all boxes except k = i and j. In the case, the inductance L is only shared by the cooper-pair boxes i and j to form superconducting loops, as shown in Fig. 2(b) , the Hamiltonian of the system can be reduced to [28, 29] 
where the interbit coupling Π ij depends on both the external flux Φ e through the inductance L, the local fluxes Φ Xi and Φ Xj through the SQUID loops. In Eq. (2), if we choose V Xk = (2n k + 1)e/c k , the Hamiltonian of system can be reduced to
For the simplicity of calculation, we assume E Ji = E Jj = Π ij = −πh 4τ (τ is a given period of time), which can be obtained by suitably choosing parameters. Thus Eq.(3) becomes
Below, we discuss problems on the basis {|+ = 
. We assume i = 1 and j = 2, according to Hamiltonian H of Eq. (4), we can obtain the following evolutions:
If we choose t = τ , which can be achieved by choosing switching time, and perform a single-qubit operation U = e iπ/4 , we can obtain
The Eq. (6) have actually realized the operation of a controlled phase gate. These lead the state of Josephson junction charge qubits 1 and 2 to
where σ 2 z = |+ 2 +| − |− 2 −|, and Eq. (7) is a standard cluster states of two-qubit. We generalize the above scheme for generating the cluster states of two-qubit to the multi-qubit case. We first prepare N (N ≥ 2) Josephson junction charge qubits in the states
where j = 2, 3, · · ·, N . So the total state of N Josephson charge qubits is
By choosing the suitable parameters (e.g.
, the interaction only occurs between Josephson charge qubit i and Josephson charge qubit j, while other qubits' interaction don't involved. Firstly, let Josephson charge qubit 1 only act with Josephson charge qubit 2 without other qubits' interactions, and make both qubits undergo the same evolutions as Eq.(6). This leads Eq.(9) to
Next, let Josephson charge qubit 2 only act with Josephson charge qubit 3 without other qubits' interactions. After the same interaction as Josephson charge qubit 2 with Josephson charge qubit 1, Eq.(10) becomes
From the form of the above states, we can conclude if we let two Josephson charge qubits interact without other qubits' interactions every time, step by step, we can obtain the cluster states of Josephson charge multi-qubit easily. In other words, let Josephson charge qubit (j − 1) only act with Josephson charge qubit j without other qubits' interactions. Thus the cluster states of Josephson charge N qubits can be obtained
where σ N +1 z ≡ 1. Below, we briefly discuss the experimental feasibility of the current scheme. For the used charge qubit in our scheme, the typical experimental switching time τ
(1) during a singlebit operation is about 0.1ns [28] . The inductance L in our used proposal is about 30nH, which is experimentally accessible. In the earlier design [19] , the inductance L is about 3.6µH, which is difficult to make at nanometer scales. Another improved design [23] greatly reduces the inductance L to ∼ 120nH, which is about 4 times larger than the one used in our scheme. The fluctuations of voltage source and fluxes result in decoherence for all charge qubits. The gate voltage fluctuation plays the dominant role in producing decoherence. The estimated dephasing time is τ 4 ∼ 10 −4 s [23] , which allow in principle 10 6 coherent single-bit manipulations. Owing to using the probe junction, the phase coherence time is only about 2ns [27, 30] . In this setup, background charge fluctuations and the probe-junction measurement may be two of the major factors in producing decoherences [28] . The charge fluctuations are principal only in the low-frequency region and can be reduced by the echo technique [30] and by controlling the gate voltage to the degeneracy point, but an effective technique for suppressing charge fluctuations still needs to be explored.
In summary, we have investigated a simple scheme for generating the cluster states based on the Josephson charge qubit. We first introduce the two-qubit case, and then generalize it to multi-qubit case. Our scheme is simple and easily manipulated, because any two charge qubits can be selectively and effectively coupled by a common inductance. The architecture of our proposal is made by present scalable microfabrication technique. More manipulations can be realized before decoherence sets in. All the devices in the scheme are well within the current technology. It is the efficient scheme for the generation of the cluster states based on the Josephson charge qubit.
